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I. INTRODUCTION

1.1 Project Organization

Virginia Tech has several activities which support the NASA Langley effort in the

area of large aperture radiometric antenna systems. These activities are summarized in

Table 1.1-1. This semi-annual report reports on all of these.

Table 1.1-2 lists major reflector antenna research areas at Virginia Tech together

with the graduate students responsible for the work.

Table 1.1-1

Personnel at Virginia Tech Performing Reflector Antenna Research

Reflector Antenna Research at Virginia Tech

1. "Feasibility Study of a Synthesis Procedure for Array Feeds to Improve Radiation

Performance of Large Distorted Reflector Antennas"

GAs: Ko Takamizawa, Jim LaPean, Paul Werntz, B. Shen

Project: NASA Grant NAG-I-859; VT 4-26132

Term: 02/25/88- 12/31/92

Personnel Active in Reflectors but not Supported by NASA

2. R. Michael Barts

"Design of Array Feeds for Large Reflector Antennas," NASA Graduate Researchers

Program Grant NGT-50413; completed, but work continues.

3. Derrick Dunn, M.S. student

Support: GEM Fellowship (6/91 to 12/92); NASA Traineeship (1/93 - )



Table 1.1-2

Reflector Antenna Research Activities at Virginia Tech

I. Technology Development

1.1. Operation and testing of full commercial reflector code (GRASP7) - Takamizawa

1.2. Documentation of analysis techniques for reflector computations - Takamizawa

1.3. Canonical cases - Dunn

1.4. Beam efficiency studies - Shen

II. Wide Scanning Antenna Systems

2.1. Documentation of wide scanning antenna principles - Werntz

2.2. Type 1 dual-reflector design - LaPean

2.3. Type 2 tri-reflector antenna design - Werntz

2.4. Support of Type 1 and 2 hardware model - LaPean and Werntz

2.5. Spherical reflector antenna designs - Shen

2.6. Other concepts

Cylindrical reflector family

Toroidal reflector family

Hybrid concepts

III. Reflector System Optimization - Takamizawa

3.1. Comparison of optimization techniques

3.2. Error functional definition

IV. Arrays for Large Radiometric Antennas - Barts

4.1. Analysis techniques in lossy radiometric systems using arrays.

4.2. Feed array architectures for radiometers

4.3. Feed component technology readiness evaluation

4.4. Calibration issues
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1.2 Summary of Configurations Designed for Wide Scanning

Three basic reflector configurations have been extensively evaluated. These three

designs, which are listed in Table 1.2-1, provide a range of options for future system

constraints. They essentially provide a tradeoff in scan performance with mechanical

complexity.

Subsequent chapters give the details on the analysis results. Here we summarize

performance results and mechanical characteristics. The configuration geometry is

common to all configuration. The z-axis is normal to the aperture plane and is the

main beam direction for zero scan. The xz-plane is the plane of offset. Below are listed

the common electrical performance parameters.

Frequencies: 18 and 37 GHz, plus others as needed.

Polarization: Linear, x-directed

Main reflector projected aperture size (D): 10.63 m

Scan planes:

= maximum of stated scan range

¢ = 0 °, 45 °, 90 °, 135 °, 180 °

Crosspolarization (XPOL):

Peak crosspolarization relative to scanned main beam peak over the main

beam.

Aperture efficiency (eap):

Ratio of actual gain to the gain of a uniform amplitude-uniform phase

aperture of the same size as the entire main reflector.

Beam efficiency (BE):

Beam solid angle contained in the main beam out to 2.5 times the no-scan

half power beamwidth divided by the beam solid angle of the entire

pattern.

Results are presented for the 10.63 m diameter LaRC test article. The results can

be applied directly to the long term goal case of a 25-m diameter main reflector by

frequency scaling. That is, our study case represents the following

D = 10.63 m = 638 _ @ 18 GHz

D = 10.63 m = 1311 _ @ 37 GHz

and results apply to

D=25m=638$=_f= 7.TGHz

D=25m= 13115_f= 15.7GHz



Table 1.2-1 compares the electrical performance parameter values for the three

configurations for the worst case scan position over the intended scan range. Table 1.2-

2 gives the exact geometries and reflector sizes for each configuration.

With complex geometries such as these antenna systems, it is necessary to

investigate sensitivities to position and angle errors. This was done for the Type 1 and

spherical reflector antennas; see Tables 1.2-3 and -4. (Tests were not performed at 37

GHz due to excessive computer run time.) The results indicate that there are no

special sensitivities in these geometries.

Comparison of the three configurations show that Type 1 (formerly called Type 6)

is spiUover limited and not phase-error limited. So in spite of its limited scan range, the

Type 1 antenna performs well with frequency increase; also, the implication of spillover

loss on radiometric performance are much less severe than phase error loss. The Type 2

structures are phase-error limited, but offer much wider scan than the Type 1 antenna.

The spherical reflector suffers from neither increasing spillover or phase error loss with

frequency. If the mechanical motion of the flat mirror (and possibly feed tilting) are

allowed, the spherical configuration is an excellent choice.

1.3 Test Approach

Table 1.3-1 lists our recommendations for a hardware test plan.

Table 1.3-1

Recommended Test Plan

A. Using ACTS 2.7 meter Reflector

1. Repeat one experiment for which previous data are available.

2. Type 2 manual motion

Manually position tertiary reflector to scan beam.

3. Type 2 with actuated tertiary.

4. Type 2 (with actuated tertiary) and an array feed to scan in offset plane.

5. Type 2 with a reconfigurable tertiary.

NOTE: Tests 2, 3, 4, and 5 should be done at two frequencies (12 and 18 GHz).

B. Offset Spherical Reflector

1. Obtain an offset (main) reflector similar in size.

2. Build and test shaped dual subreflectors and flat minor.

6
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Chapter 2

PERFORMANCE ANALYSIS OF THE CASSEGRAIN TRI-REFLECTOR

Performance results for a tri-reflector antenna configuration (Type 2) designed to

be compatible with the primary reflector dimensions of the NASA Langley test article

are presented in this chapter. The tri-reflector antenna is synthesized and analyzed

using the geometrical optics code TRAS (Tri-Reflector Antenna Synthesis code).

Physical optics performance results obtained from GRASP7 are also included.

2.1. Introduction

The reflector configuration shown in Fig. 2-1 is derived from the configuration

originally proposed by Peter Foldes. This configuration provides beam scanning with a

minimum of subreflector motion and no feed motion. The configuration shown has a

25-m primary aperture diameter. The dimensions of the configuration proposed for use

with the NASA test article are related to the dimensions shown in Fig. 2-1 by a scale

factor of 8/25.

The configuration shown in Fig. 2-1 is designed for an elliptical scan range

subtending +2.5 ° in the yz-plane and +5 ° in the xz-plane. Scan angle definitions are

defined in Fig. 2-2. Corresponding to the specified scan range and a primary aperture

diameter of 8 m, the secondary reflector rim is an ellipse with major axis 2a = 3.16 m

and minor axis 2b = 2.1 m. The surface area of the secondary reflector is

approximately 10.3% of the area of the primary aperture. The tertiary reflector rim is

an ellipse with major axis 2a = 1.45 m and minor axis 2b = 1.38 m. The surface area of

the tertiary reflector is approximately 3.1% of the area of the primary reflector. The

overall length of the reflector configuration (as measured along the z-axis) is

approximately 13.6 m and the overall height (as measured along the x-axis) is

approximately 13.0 m.

For beam steering in the unscanned direction (along the z-axis) the average half

angle subtended by the tertiary reflector as viewed from the feed position is 8ave =

12.94 °. If it is assumed that the feed is a pyramidal horn, an aperture diameter of df __

9.84 A would be required to achieve a-15 dB tertiary reflector edge illumination. While

this aperture diameter is very large for a single feed, it is a good size for a small array

feed and facilitates efficient feed elements with reasonable aperture diameters.

2.2. Performance Parameters

The tertiary reflector is shaped to produce zero aperture plane phase errors for

beam steering along the z-axis. Scanning is accomplished by two degrees of tertiary

rotation about point Pr shown in Fig. 2-1. The required motion of the tertiary reflector

11



for a given scan direction is calculated by TRAS which uses Powell's optimization
method. The error function usedin the optimization is

M N

E= _ _ w(i,j) ]tij × _1 (2-1)
i=0 j=O

where tij is the unit vector in the direction of the i,j _h transmitted ray, _ is the unit

vector in the desired scan direction and w(i,j) is the weighting of the i,j th transmitted

ray at the aperture plane as result of a cos q feed distribution. This error function

minimizes the divergence of the transmitted ray from the desired scan direction and

therefore minimizes the aperture plane phase errors. Once the optimum tertiary

reflector position corresponding to a desired scan direction is obtained, two useful

performance parameters are calculated by TRAS.

Primary Aperture Efficiency

If phase errors axe ignored, the primary aperture efficiency is affected by spillover

at the surfaces of the primary, secondary and tertiary reflectors and the aperture taper

efficiency (which is the gain loss relative to a uniformly illuminated aperture due to the

design aperture distribution). The primary aperture efficiency is calculated by the

following expression [1]:

eap= _ oo (2-2)

--_ --00

where the integrals are evaluated over the aperture of the primary reflector, f is the

field amplitude across the aperture due to an incident plane wave and g is the field

amplitude across the aperture due to the feed excitation. As formulated, (2-2) includes

both aperture taper and spillover effects.

Maximum Aperture Diameter

For a given rms phase error across the primary aperture, (I)rms, the Ruze

approximation can be used to derive the following useful equation which relates the

main reflector diameter in wavelengths, dM/_ , to the maximum allowed gain loss, GIG 0

[2]:

12



aM_ y1_: _dido1112

A - CrmsJ
(2-3)

where r is the radius of the primary aperture.

allowed gain loss was chosen to be -1 dB (GIG 0 = 0.7943).

2.3. Results

Geometrical optics performance results were calculated for

directions:

¢ -- 0.0 ° 0 = 0.1 °- 2.5 °

¢ = 45.0 ° 0 = 0.1 °- 3.1 °

¢ = 90.0 ° O = 0.1 °- 5.0 °

¢ = 135.0 ° 8 = 0.1 °- 3.1 °

¢ = 180.0 ° 8 = 0.1 °- 2.5 °

In the following examples the maximum

the following scan

(2-4)

where for each value of ¢ ten equal increments of 8 were used.

The results of the maximum aperture diameter for 1 dB gain loss calculations are

shown in Fig. 2-3. The maximum electrical dimension of the primary reflector for the

specified scan range and 1 dB of gain loss is dM/)_ = 640. This corresponds to an

operating frequency of 24 GHz for the 8 m diameter aperture. The results of the

aperture efficiency calculations are shown in Fig. 2-4. The geometrical optics boundary

of illumination at the primary aperture plane is found from the locus of rays which

when traced from the feed to the aperture plane intercept the edge of the tertiary. A

plot of the illuminated region of the primary aperture for the limiting scan directions in

(2-4) are shown in Fig. 2-5. Figure 2-5 demonstrates the high aperture efficiencies

possible with the tri-reflector configuration.

Physical optics analysis was performed using GRASP7. Two frequencies were

considered 18 GHz and 24 GHz. The results for the 18 GHz calculations are

summarized in Table 2-1 and the results for the 24 GHz calculations are summarized in

Table 2-2. Principal plane patterns are shown in Figs. 2-6 to 2-11.

For comparison purposes performance results were also calculated for the prime

focus parabolic reflector shown in Fig. 2-12. Scanning is accomplished by feed

translation. Geometrical optics results are shown in Fig. 2-13. The maximum aperture

diameter for 1 dB of gain loss is approximately dM/)_ = 120 corresponding to an

operating frequency of 4.5 GHz for the 8-m diameter aperture. Physical optics analysis

was performed using GRASP7 at 3.75 GHz. These results are summarized in Table 2-3.

Principal plane patterns are shown in Figs. 2-14 and 2-15.

13



2.4. Conclusions

• The tri-reflector configuration demonstratesa scancapability of + 2.5 ° in the

xz-plane and ± 5 ° in the yz-plane with an elliptical subreflector rim with major

axis 2a = 3.16 m and minor axis 2b = 2.1m. A wider scan range would require

a larger subreflector.

• The tri-reflector configuration provides both a simple scan mechanism (tertiary

reflector motion reduced to two degrees of angular rotation about the point Pr)

and a high aperture efficiency.

• For the scan range and tertiary reflector motions considered the maximum

diameter of the primary reflector is limited to d M __ 640 A. Preliminary data

indicates that if the tertiary reflector is allowed three degrees of motion the

maximum electrical diameter could be increased to d M _ 800 A.

• Physical optics results indicate scanning of 80 HPBW 8 in the yz-plane and 40

HPBW s in the xz-plane with a gain loss of 1.36 dB.

2.5 Recommendations for Future Work

Specific areas of future concentration are:

• A detailed investigation into possible flight profiles for the remote sensing

platform to further specify the necessary scan range.

• A detailed investigation of mechanical tolerances to determine if the feed array

size is determined by mechanical considerations or scan induced phase errors.

• A detailed trade-off study between tertiary reflector motion complexity and

scan performance.

• Efforts to reduce the dimensions of the tertiary reflector as compared to the

dimensions of the primary and secondary reflectors.

• Efforts to increase scan performance using reflector surface optimization.

• Efforts to reduce cross-polarization.

• An investigation into the use of array feeds to improve scan performance.

14
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Chapter 3

DESIGN AND PERFORMANCE OF THE TYPE 1 REFLECTOR ANTENNA

The Type 1 reflector antenna system concept was first proposed by Peter Foldes as

his Type 6 antenna [1] and was based on geometrical optics principles. Foldes

speculated that one half-degree of scan in any direction could be obtained by rotation of

the subreflector of the Type 1 dual reflector system. In this section we describe this

configuration and its performance with a parabolic main reflector and a hyperbolic

subreflector. The three-dimensional antenna synthesis and subreflector positioning

procedure is described. Electromagnetics analysis results including gain, sidelobe level,

cross-polarization level, and beam efficiency are presented for the antenna system over

the scan range. Finally, the results of a preliminary study of the effects of subreflector

and feed positioning errors are given.

3.1. The Type 1 Concept

The Type 1 antenna system is an offset Cassegrain dual reflector antenna.

Scanning is achieved by only subreflector motion to minimize the moving mass of the

system. The combination of a dual-offset design and the small subreflector also reduces

aperture blockage and significantly increases the electrical focal length for a given

mechanical size. The Type 1 antenna system is designed for scanning in a _ _<0.5 ° cone

at any ¢ angle from 0° to 360 °. The scan angle 0 is defined to be the declination angle

from the +z-axis and the scan angle _ is defined to be the azimuth angle in the xy-plane

from the %x-axis towards the %y-axis.

Feed point and subreflector locations for the Type 1 antenna system were chosen

in accordance with the Mizugutch condition for an axi-symmetric equivalent paraboloid.

This condition allows the illumination of the main reflector to be tapered to illuminate

the main reflector with a power distribution which is corrected for spherical spreading

loss; also, the feed-to-aperture mapping closely approximates the aperture distribution

of an axi-symmetric reflector. This allows offset dual reflector antenna systems

synthesized with the Mizugutch condition to have nearly the same (low) degree of cross-

polarization as an axisymmetric reflector. Three dimensional views of the antenna

system are shown in Figure 3.1-1 (a-d). The system discussed here was chosen to fit the

proposed, which is a 42.52% scale model of the 25-m goal antenna NASA Langley

Antenna and Microwave Research Branch/Space Structures test article.
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3.9.. Dual Reflector Antenna Synthesis - 3 Dimensional (DRAS-3D)

The three dimensional synthesis of the Type 1 reflector antenna system is

performed using the code DRAS-3D. This program uses geometric optics raytracing to

determine the optimal position for an unscanned subreflector in the scanned system.

The unscanned subreflector is defined as an m by n grid of points on the hyperboloidal

surface and the normals at those points. Although the subreflector is known to be

hyperboloidal, the unscanned subreflector surface is determined by receive mode

raytracing in order to develop a uniform grid in the antenna aperture plane.

In DRAS-3D, the subreflector is allowed to translate in three dimensions and rotate

about Pr in two directions: o, a tilt from the +z-axis towards the +x-axis, and 8, a tilt

from the +z-axis towards the +y-axis. The point Pr is located on the subreflector

surface and moves with the surface when the subreflector is translated. For the

unscanned subreflector Pr is the point where a ray from the feed that ultimately traces

to the center of the projected aperture reflects from the subreflector. This allows the

program to select the optimal location and orientation for the subreflector using the

transmitted ray deviation error function described by

m n ^ 2_= _ _--_ltijxg (3.1-1)
i=l j=l

Where tij is a unit vector in the direction of the i,j th transmitted ray and g is a unit

vector in the desired direction of scan. This error function gives the squared divergence

of the transmitted rays from the desired scan direction. Although this error function is

proportional to the root mean square path length error in the system, this error

definition approaches zero more steeply and so is more suitable for use in optimization

routines.

This error function was found to perform much better than the previously used

Kitsuregawa error method [2], which attempts to fit the unscanned subreflector to a

correcting subreflector for each direction of scan. While the Kitsuregawa fitting method

provides a more even aperture illumination, the aperture phase error optimization

method offers superior scanned antenna performance by reducing phase errors at the

expense of illumination efficiency. Over a small scan region, such as that expected of

the Type 1 system, the loss in efficiency due to uneven illumination is smaller than the

loss due to the phase errors created by the Kitsuregawa method. After the optimal
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position of the subreflector in the scanned system is determined, the GRASP7 input file

is automatically written by DRAS-3D.

The predicted translations and rotations for the subreflector are shown as

functions of scan angle in Figures 3.2-1 through 3.2-5. These figures show subreflector

positioning information for scanning over _ angles from 0° to 180 °. Since the system is

symmetric about the x-axis, the required positioning for _ angles from 180 ° to 360 ° is the

same in for x and z translation and a rotation but the negative of the y translation and

¢_ rotation. As shown, the required translation ranges for the subreflector are all ~ 0.5

meters or less. The required rotational capability is < 15° for both the a and the

rotation angles.

3.3. Electromagnetic Analysis Results

Electromagnetic analysis of the Type 1 reflector antenna system was performed

at 18 GHz using the TICRA GRASP7 reflector numerical analysis package. Due to

time constraints, GO/GTD analysis was used at the subreflector with PO analysis on

the main reflector. Subsequent trials performed using PO analysis at both reflecting

surfaces show the loss of accuracy due to subreflector GO/GTD analysis to be slight for

both co- and cross-polarized far-field antenna pattern calculations. The antenna system

used for these analyses consisted of the 10.63 meter projected aperture diameter NASA

Langley AMRB/Space Structures test article main reflector surface with a hyperbolic

subreflector which was chosen to create an axisymmetric equivalent paraboloid. This

system was fed by a feed fixed at the unscanned feed point and pointed correctly for the

unscanned case. The feed taper was chosen to be -15 dB at the edge of the subreflector

when the subreflector was in its unscanned position. The output of the analyses was in

the form of co- and cross-polarized field components taken in an equally spaced u-v grid.

The beam efficiency was then calculated using the TICRA UVPROC package with the

main beam solid angle taken to be 2.5 times the unscanned half-power beamwidth for

all beam efficiency calculations.

Figure 3.3-1 shows the matin beam peak gain of the antenna system as a function

of scan angle for the Type 1 system. The scan range of ~ 0.625 °, calculated using a 1

dB gain loss criteria, is slightly greater than the designed 0.5 ° scan region. The gain loss

of the system as scan angle increases is largely attributable to spillover losses as shown

in Figure 3.3-2. The dominate loss of gain due to spillover effects allows the use of the

Type 1 antenna system design synthesized for the 10.63 meter test article to be used at

frequencies of >36 GHz without reducing the scan range below the designed 0.5 ° cone.

40



8
C

oo8

C_
C

4__-0

C o
<_:_

ILL °--

oE
_ m

0 c

___ k--

®E"O2
t.q

,--- r.D

ed
Q_,--

illlllNII

\
\
\
\
\
\
\
\
\
\
\

\
\
\
\
\
\
\
\

I',"1 o4 "--i. 0
o o o 6 o

I

(w) uo!lalSUaJl-x Joloalja-Jqns

0

C_

0

00

C)

r---

c5

c.O

c5

C_
UO

c5 -u
(D

,q-
_5

I'0

0

C",I

0

0

0

c5

I
X

-,,-,I

I:
0

i,a

o

o
_J

q_

115

>,

O

m>

0

>

0
-_1

>_-,-I
E_O

I
(-g

q)

-,-t



E
c

>_
0

C_
C

4_,-0
C o

o'E

O c
o© _.

®gC12

_d
121_,--

I---

I

1,3

c5

I

I

11 II II N II

, I i I

6 o

i

I

0
0

(LU) UO!I.OI£UOJI--_a01381jaaqns

O
I

O

O

00

O

I",-

_5

Lib

_5

y.
_5

I-Q

O

O

5_
"O

(D

I
>,,

4_

C

C
0

4J

,--I

C;

1,4

1,4
0

4J
[.)

I.-I

m_

o
i_ .,..i

14 121
.,..i

o

I
¢N

I.N



E

0
Cry
c
©
4j-O

C o

o'E
_ m

0 c

®E"17"
t_

r--_

_d
C)._,--
>,,

F-

I

1",3

c5

I ' I

II II II II II

!I
*!

!:
II
Ii
II
4
:1

II
4
' I
11
ii
II
11

!
!

)
!

I J
I
I
I
I
I

I

I:
I r:

i:

I *:
I:
I:

f:
f:

I"
I:

t:
I:

J:

I °"I:
I:

J:
I:
I:
i:
i:

,j
i 1 i I J i

C'4 ,-- 0
o o d

(w) uo!1OlSUOJ1--Z JoloalJaJqn5

O
I

O

o_

O

00

C)

p..
c5

c.o

c5

c_
U9
c5 -o

CD

c5

O

cq
c5

O

C)

c5

I

.l.J

-,-,I

o

.p

,-I

o

o

,-I
4_

m _

m _
o

_ .,..i

_ m

_ o

o

_:_._

I

_4

-,-4



E
(1)

c

>.0
0CO ,.-

0 >',
o

cr_
c

c o

o'E

O c

___ F--

_g
O2

I"/)
_--- (D

_d
C_,--
>.,

F-

/
/
/
/
/
/
/
/
/
/
/
I
/
/
/
/
/
/
/
/
/

o 2 o ,,I o
II II II II II

04 0 O4 _ CO O0
I I I I

('6gp) uo!lDl.o.J-_o Jologljgjqns

0

d

t_

O

O4

O

O

O

O o

I

O

r-I

I11
I>

O
.,-I

0

0

0

_4

I=

0

0

_0

I

.,-I



E
C

_r,, 0

0 _"
[3

C_
C

a__-o

C o

_._ o--

oE
_ m

0 c

,+__ I--

®iC12
t_

•--- LO

_d
C)._,---

o

IIIIIIMII

' I '_ I ' I ' I

,,\\
,,\
\ ,,\
',\\
,,\
\ ,,\
', \
\
,,\
\ ,,\

\

\\ 'I l
l

\ l
\ \ ,

l

\ \ ,
\ '.

\ l
I

\l

\_,\'

l I , I i I i I ; Z I 1 + I +

I_ ¢,0 L._ + _ C',I ,.-.- 0

(6ap) uo!loloJ-g JoloaljaJqns

' I

I I ;

I

0

<3]
d

cO
d

I'---
d

LO

d

c_

d a
(D

d

d

C_l
d

0

C)

_d
I

o
-,-,,I
.i-1

,"4

m

m

::>

o
-,-I

o
t,...l

<:_

o

t..)
¢J

r--I
W-I

o

o

_m

I
fN



E

(/9
>,.,

C_

0
C N
CI

cO0

O
+_,t_
O _
_d

"-4-- _"
(D

Ct2

©
Ck
>-,

F-

ti II il it

(8P) u[o9 >load woa8 u[0_

I
0

0

D

(a

ta

>

-,--I

t_
q;
..Q

0J

o

0

_M

I

P_

.M

_0



E
©

4-.J
oo

6O

0

C N
CI

COO

o

O_D
_d

M--- _'-

0
C12

©
Q_

] /' I '
t /

tt /
t/

t
t I
t/

t
tl
tl

t
¢1

/
/

/
/

/
/

/

/
/

/

liHllllll

,_Ouo[o!JJ3 JOAOIl!dS

O

>

O

Q)
°,-I
O

R-l

>
o

,-'4

o

o

o

o

!



The relatively low sidelobe level of the system at small scan angles, shown in Figure 3.3-

3, is also a result of the secondary effects of phase error in gain loss in an antenna

system synthesized with this method. The system sidelobe level will increase at higher

operating frequencies as phase effects increase. The cross-polarization level of the

antenna system is shown in Figure 3.3-4. The use of the Mizugutch condition in the

antenna synthesis procedure reduced the cross-polarization level in trial cases by over 30

dB. Although cross-polarization level to increases over the scan range, the cross-

polarization level at the scan limit is less than -22 dB. A slight amount of polarization

rotation at scan angles out of the plane of symmetry degrades cross-polarization

performance at 0=1.0" to approximately -37 dB. Beamwidths at the -3 and -10 dB

levels are shown for the Type 1 antenna system in Figures 3.3-5 and 3.3-6. The Type 1

antenna system beam efficiency is shown as a function of scan angle in Figure 3.3-7.

Beam efficiency remains above ~ 90% over the designed 0.5 ° scan region. These results

are tabulated in Table 3.3-1.

Figures 3.3-8 through 3.3-14 show uv-plane contour plot patterns for the Type 1

antenna system at 18 GHz. The plots are centered at the indicated scan directions and

show a rectangular area approximately 1° square. Both the co- and cross-polarization

plots are normalized by the co-polarization antenna gain at that scan angle.

3.4. Error Sensitivity

The sensitivity of the Type 1 antenna system to positioning error has been

estimated by performing electromagnetics analyses of the system at boresight and a

limiting scan position with +0.5°A translational errors and +0.1 ° rotational errors

imposed independently on the subreflector and + 0.5A translational errors imposed on

the feed. This analysis was performed in the same manner as the system

characteriztion shown in the previous section. As shown in Table 1.2-4, the Type 1

antenna system is essentially unaffected by translational errors of 0.5A at either the feed

or subreflector. Rotational errors in the positioning of the subreflector cause a main

beam pointing error of 25% of the subreflector error.

3.5. Referenc_

[1] P. Foldes, "Some Characteristics of Six Alternative Multirefiector Radiometers for

6-31 GHz GEO Operation," Foldes, Inc., May 9, 1990.

[2] T. Kitsuregawa, Advanced Technology in Satellite Communication Antennas,

Artech House: Boston, MA, 1990, "Section 2.6, Steerable Beam Antennas," pp.

177-188.
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Table 3.3-1. Summary of Scan Performance for the Type 1

Reflector Antenna System.

Scan Direction Electromagnetic Performance

Beam

Gain Efficiency HPBW BW'O _B Efficiency SLL XPOL
(dB) (_) (deg) (_eg_ (_) (dB) (dB)

64.74 74.19 0.12 0.20 94.43 -28.97 -66.59

64.61 72.00 0.12 0.20 93.38 -26.00 -57.91

8 _,

0.00" O"

0.25" O"

0.25" 45"

0.25 ° 90"

0.25" 135"

0.25" 180"

0.50" O"

0.50" 45"

0.50 ° 90"

0.50" 135"

0.50" 180"

0.75" O"

0.75" 45"

0.75" 90"

0.75" 135"

0.75" 180"

1.00 ° 0 °

1.00 ° 45"

1.00" 90"

1.00" 135"

1.00" 180"

64.60

64.59

71.83

71.67

0.11

0.12

0.20

0.20

93.57

93.68

-26.46

-27.49

-46.59

-43.79

64.52 70.52 0.12 0.20 93.65 -28.07 -46.73

64.51 70.36 0.12 0.21 93.60 -28.35 -57.54

63.98 62.28 0.13 0.21 89.77 -22.78 -53.90

64.05

64,13

0.13

0.12

0.13

0.13

0.14

64.06

64.06

0.21

0.21

0.21

0.22

0.2362.90

63.29 90.85

91.96

92.09

91.99

82.50

64.47

63.44

-23.35

-24.67

-25.30

-25.68

-20.55

63.44

48.57

-40.59

-37.80

-40.86

-53.64

-50.89

63.25 52.64 0.13 0.23 86.16 -21.32 -37.05

63.58 56.80 0.14 0.22 89.79 -22.84 -34.40

63.62 57.32 0.13 0.22 90.30 -23.82 -37.50

63.62 57.32 0.13 0.23 90.26 -24.31 -51.15

0.1630.36 68.310.2660.86 -18.47 -48.38

61.93 38.84 0.14 0.24 78.68 -19.40 -34.58

62.95 49.13 0.14 0.23 87.01 -21.31 -32.02

63.13 51.21 0.14 0.23 88.02 -23.82

88.000.1363.16 51.56 -22.890.24

-37.50

-49.18

tabte.331
10/21/92
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Figure 3.3-8. Boresight co-polarized antenna pattern for the Type 1 reflector antenna

system. (a) Surface grid plot.
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Figure 3.3-8. Boresight co-polarized antenna pattern for the Type 1 reflector antenna

system. (b) Contour plot.
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Figure 3.3-9. Boresight cross-polarized antenna pattern for the Type 1 reflector

antenna system. (a) Surface grid plot.
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Figure 3.3-9. Boresight cross-polarized antenna pattern for the Type 1 reflector

antenna system. (b) Contour plot.

58



0.008

0.006

-e-
c

c
o--

II
>

0.004

0.002

0.000

--0.002

--0.004

--0.006

Figure 3.3-10.

c-

e-
"5
II

>

-0.008
-0.008 -0.004 0.000 0.004

U = sine cos_

0.008

(a) Co-polarized pattern contour plot.

0.008

0.006

0.004

0.002

0.000

-0.002

-0.004

-0.006

-0.008
eqo ]R'% r

-0.008 -0.004 0.000 0.004

U = sinO c osq_

(b) Cross-polarized pattern contour plot.
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Antenna pattern of the Type 1 reflector antenna system scanned to

e=0.5*, ¢=0 °.
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Chapter 4

METHODS TO IMPROVE THE APERTURE EFFICIENCY

AND SIMPLIFY THE MECHANICAL MOTION OF SPHERICAL

MAIN REFLECTOR SCANNING ANTENNAS

Large reflector antenna systems with spherical main reflectors can be used in high

gain, wide angle scanning applications. The performance of a spherical main reflector

antenna system can be improved by using two subreflectors to correct for spherical

aberration and to control the feed-to-aperture intensity mapping. However, due to the

motion of the illuminated aperture area during scan, the aperture efficiency of a

spherical main reflector system is limited. Moreover, the suboptics assembly, which

consists of two subreflectors and the feed, must be translated and rotated during scan;

therefore, the mechanical construction and operation of such systems is difficult. In the

last semiannual report we introduced a method that maintains the illuminated aperture

area constant during scan using two subreflectors which move as a unit and that correct

for phase errors and produce an isotropic-to-uniform amplitude distribution mapping.

The feed antenna must be tilted during scan. In this report we demonstrate a new

design built on the previous spherical tri-reflector by adding a flat mirror to create the

image of the suboptics assembly and to simplify the mechanical motion for scan by

fixing the suboptics assembly and rotating the mirror. Practical designs and physical

optics analysis results are also presented.

The principles of spherical main reflector system scan by mirror imaging is

shown in Fig. 4-1. The basic system in Fig. 4-1a corrects the spherical aberration and

provides isotropic-to-uniform mapping. A flat mirror is added to create the virtual

image of the suboptics assembly as shown in Fig. 4-1c. Scan is achieved by rotating the

mirror plane about the spherical center O, and therefore, rotating the virtual image of

the suboptics assembly. The rotation of the virtual image of the suboptics assembly has

the same effect as rotating a real one, so the main beam is scanned accordingly.

Based on this general theory for scanning spherical main reflector systems, we

derived a system which fits the Bush model frame and is practical for GEO radiometer

applications. This configuration has a spherical main reflector, two shaped subreflectors

and a flat mirror. The geometric parameters of the configuration are given in Tables

1.2-1 and 1.2-2.

Physical optics analysis with GRASP7 code produced the performance values

shown in Table 1.2-1. It shows that the spherical main reflector system can scan the

64



full +5 ° region with little performance degradation. The mechanical size of the

configuration is shown in Table 1.2-3. It was designed according to the requirements for

the Bush model. The area efficiency (the main reflector area over the total area of all

reflectors) of the spherical main reflector system of 70% is somewhat low but is a trade-

off for the high scanning performance.

The most important feature of the proposed configuration is its simplicity in

mechanical motion. Although there are two types motion possible in theory, the

proposed spherical main reflector system has a scanning motion with the flat mirror

rotating about two axes and translating along one line. The geometry for the motion

can be seen in Fig. 4-1a. One axis is the z' and the other axis is y' which is

perpendicular to the plane of the paper. The line of translation is the center ray

between the subreflector and the virtual main reflector in Fig. 4-1a. In addition to

motion of the mirror, the proposed configuration has an azimuth feed tilt motion, which

maintains a constant illuminated area of the main reflector when scanning in the ¢

direction. This feed tilt motion makes it possible to achieve a 50% aperture efficiency

as indicated in Table 1.2-1.

We are currently studying another possible motion of the mirror which can

reduce the size of the mirror by half. The mirror motion under study involves a

rotation of the flat mirror about one axis and a translation along one arc and one line.

The rotational axis is the yl axis perpendicular to the plane of Fig. 4-1a. The

translational arc is the plane of x _ and y' of Fig. 4-1a; the details of this translational arc

is still under study and being optimized. The translational line is the same translational

line discussed in the last paragraph. The advantage of this motion set is that it allows

the mirror to move such that the mirror illumination is constant, and therefore, the size

of the mirror can be reduced significantly. The details of these mirror motions will be

reported in the future.

It is worthwhile to point out the trade-offs in the design of the proposed

configuration. A one-dimensional azimuth feed tilt is used to improve the aperture

efficiency in the proposed model. Aperture efficiency of 50% can be achieved with this

scheme. However, higher aperture efficiency is possible if the feed can be tilted in both

azimuth and elevation. According to our calculation, 70% aperture efficiency is

possible. Of course, full tilting of the feed causes mechanical difficulties. In situations

where there are mechanical difficulties associated with feed tilt that outweigh the high
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Figure 4-1. The scanning function of the mirror in a spherical tri-reflector system
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Figure 4-1. (continued)

aperture efficiency, the feed must be totally fixed. This, however, reduces the aperture

efficiency to below 30%.

Another trade-off involved in designing the proposed model is the balance between

main reflector spillover and main reflector size. With feed tilt permitted only in

azimuth, the illuminated area on the main reflector can only be fixed when ¢ scan is

performed; it moves when 0 scan is performed. This leads to a need for oversizing the

main reflector in order to reduce spillover. We managed to limit the size of the main

reflector to 10 x 12m, as indicated in Table 1.2-1, but without significant spillover; in the

proposed model the spillover causes as much as 0.4 dB gain loss at the scan limits. The

PO analysis results at scan limits are listed in Table 4-1.

Error sensitivity analysis was performed at 15 GHz using GRASP7 and the results

are listed in Table 1.2-4. It shows that for 0.5A translational error and/or 0.1 ° rotational
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error for the reflectors and feed, the degradation of the performance is negligible. This,

of course, does not include the error of the reflector surface distortion.

Our results show that the spherical tri-reflector system with flat mirror is a

practical design. It has good electrical scan performance, simple motion, without

introducing excessive mechanical tolerances. There are several advantages to the

spherical configuration: the spherical main reflector can be constructed of identical facets,

the mirror is flat, and the subreflectors are derived from axisymmetric shapes. The

trade-off is that it requires more reflectors which results in increased size and weight of

the entire structure.
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Chapter 5

OPTIMIZATION OF REFLECTOR CONFIGURATIONS

5.1. Introduction

Most of reflector antennas are single focal point devices which are limited in

scanning capability. Wide angle scanning of such reflectors axe usually accomplished by

moving the entire reflector as well as the feed assembly as in the case of radio telescopes.

Limited scanning is often accomplished by displacing the feed antenna away from the

focal point. Equivalently, the feed displacement is simulated with a phased array feed or

by displacement of suboptics such as subreflectors or a beam waveguide. The phase error

at the aperture of the reflector increases as the main beam is scanned away from the

boresight direction. The limit of scan is determined by the maximum aperture phase

error or the maximum beam degradation allowed for a particular design criterion. Both

Type 1 and Type 2 systems are single focal point reflector systems.

A number of other configurations have been introduced to increase the scan

capability of reflector antennas. These configurations can be grouped to two basic types:

N-focal antennas and continuously scanning antennas. The former has exactly N focal

points which are implemented with N reflector antennas. Rao [1] and Rappaport [2]

have shown design techniques for symmetrical and offset bifocal antennas using two

reflectors. The scanning in the bifocal systems are accomplished by moving the feed

between the two focal points. The scan performance of bifocal antennas are maximum

when the feed is located at one of the two loci, but the performance degrades away from

the loci.

Continuous scan reflectors, on the other hand, do not have any exact focal point.

They are designed such that the antenna performance remains constant throughout the

scan range. This is accomplished by introducing some phase error in the on-axis

direction while reducing the error away from the off-axis directions. Examples of

continuous scan reflectors are the spherical reflector and the torus. A single spherical

reflector fed by a feed antenna has spherical phase aberration at the aperture and thus,

the radiation pattern has a slightly higher sidelobe level compared to a singIe

paraboloidal reflector of comparable size. Scanning is accomplished by illuminating

different portions of the reflector surface. The phase error, however, remains constant as

the beam is scanned. Unfortunately, spherical reflectors have poor aperture efficiency

due to oversizing of reflector surface, which is required for the scanning.

Shaped reflector antenna synthesis techniques for wide angle scan have been

introduced by Rappaport [3] and Albertsen [4] for single and dual reflector systems,
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respectively. These techniques approximate continous scan reflector by shaping the

reflector surfaces so that the antenna radiation performance in M directions are

maximized. Ideally, M is infinite; however, a reasonable solution can be obtained with

sufficiently large M. For example, Albertsen has shown that an offset dual reflector

antenna with 300 _ primary aperture diameter can be shaped to scan + T in a plane of

asymmetry using M=5 [4].

The synthesis technique of Albertsen can be generalized and extended for N reflector

systems. The problem can be most easily solved as minimization of an error functional

derives from desired and calculated performance of the reflector antennas. Generalized

Reflector Optimization Code (GROC) is a computer program under development at

Virginia Tech which implements 3-dimensional multiple reflector synthesis technique for

wide angle scan. Physical Optics Optimization Program (POOP) [5], which was written

for 2-dimensional cylindrical reflectors, is a subset of GROC. There are several

important components in the development of GROC. Two components which have been

investigated are discussed in the following sections.

5.2. Error Functional Definition

To optimize reflector configuration for wide angle scanning a functional that

represents the performance of the antenna at each of M scan directions must be defined.

Similar to POOP, GROC uses field correlation to evaluate the reflector radiation

performance. The field correlation % is a vector cross correlation of the received electric

field/_r and the transmitted magnetic field/lt over the surface of a reflector. Explicitly,

% is given by

-.Er x H t ds

s (5-1)
Er × Hr ds E't × Ht ds

S S

where /_t and /tt are electric and magnetic fields that exist over the reflector surface S

when the antenna is illuminated by a feed antenna, and /_r and /lr are received fields

when the primary aperture of the antenna is illuminated by a plane wave from a desired

scan direction. When integrals in (5-1) are taken over the aperture of primary reflector

0c becomes aperture illumination efficiency.

In addition to field correlation, GROC uses feed spillover efficiency of as another

measure of reflector performance. Feed spillover is the ratio of power intercepted by a

reflector to the total power transmitted by the feed. It is given by
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t_t x H t de

s (5-2)
rlf Et x I-It ds

where f_ is the surface of a unit sphere. The overall efficiency of the reflector is given by

TIT = %rlf (5-3)

Use of field correlation as the error functional in the synthesis is advantageous to

other vaxiables because it can be used directly to estimate the required change in the

shape of reflector surfaces. Specifically, using the numerator of the (5-1) the reflector

surface S is modified by

/k = 41---_ZEr -F ZH t ) (5-4)

where A is the change in the shape of reflector surface in wavelengths and Z/_r and

LH t are phases of the received and the transmitted fields in radians and A is the

wavelength of the fields. The estimation improves convergence of the minimization

process.

5.3. Reflector Surface Definition

Many techniques have been considered to represent the reflector surfaces. This is

one of the important variables that needs careful selection because it has direct impact

on the type of solution that can be obtained from the synthesis. There are two types of

surface representations:

1.) Discrete point representation where a surface is fit to a set of known points

using a surface fit techniques, and

2.) A series expansion technique in which the surface is represented by sum of

orthogonal functions.

The former has capability to represent any type of surface. However, it could result in a

surface with non-continuous derivatives over the surface. The latter technique has limit

in the type of surfaces that can be represented. On the other hand, a series can be

chosen to guarantee a continuous derivative over the surface.

GROC uses a sum of Zernike polynomials to represent the reflector surfaces.

Zernike polynomials, which are originally used in the optics to represent the phase

aberration, axe defined as

f(p,¢)= _ _ BnmR_(p) ejn¢ m=0,1,...,oo
m n I' + 1, +3, ..., +m, m odd

n=_ 0, q, 2, ..., + m, meven (5-5)
where the radial functions in (5-5) are given by
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m-n

2 (-1)l (m-1)!
= = (5-6)

1=0 l![(m + n)/2-1]! [(m- n)/2-11! pm-21

Zernike polynomials are defined within the unit circle. Most reflectors have somewhat

circular rim shapes, and thus the domain of the polynomials matches well with that is

the reflectors. In addition, Zernike polynomials have continuous derivatives within the

unit circle.

5A. Future Work

Future work on optimization of reflector configurations for wide scanning include the

following:

(1) Completion and verification of GROC program.

(2) Investigation on improving the rate of convergence in the minimization process.

(3) Application of GROC on Type 1 and Type 2 systems.

(4) Application of GROC on LEO ice mapper.
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Chapter 6

RADIOMETRIC ARRAY DESIGN

This project is reported on in detail in a separate annual report. This chapter

summarizes the work on this effort since the last semi-annual report.

Development of models for the array and noise scene have progressed to the

evaluation stage. Calculations of array noise temperature for simple circular noise

sources were performed to evaluate spatial coherence effects and network effects on

radiometric measurements. The geometry for these calculations is given in Fig. 6-1.

This study using simple circular noise sources is valuable since it suggests an experiment

that can be used to verify the models we have developed. Also, we now believe that the

array-fed reflector antenna can be modeled as an array observing a circular source the

diameter of the reflector, at least for the low earth orbit observing scenario.

To illustrate spatial coherence effects, we modeled the two-, four-, and nine-element

rectangular grid arrays (2 x 2 , 4 x 4, and 9 x 9 arrays with equal spacings along the

principal axes) observing a 4-m diameter noise source at a fixed distance as the

interelement spacing was varied from 0.5 _ to 2.0 _. The observation frequency was 10

GHz. Results are shown in Fig. 6-2. The array noise temperature of all three arrays goes

through a cyclical variation as the interelement spacing is increased. It appears,

however, that the larger the array size, the more sensitive the array noise temperature is

to interelement spacing.

Other calculations were made for arrays with fixed element spacing as the distance

between the array and the noise source were varied. Results for two-element arrays are

shown in Figs. 6-3 and 6-4. Figure 6-3 shows the results for two-element arrays with 0.5

and 1.0 _ spacings observing a 4-m diameter source. Figure 6-4 is for the same arrays

but with a 20-m diameter source. The differences between these two plots illustrates the

importance of understanding the spatial coherence effects of extended incoherent noise

sources. The important parameter for spatial coherence effects is the angular separation

between array elements as viewed from the source. The smaller the noise source extent,

the broader, in terms of angle, the mutual coherence function (MCF). The 4-m noise

source results indicate an array that is measuring a noise source with a high degree of

spatial coherence. The 20-m source results are indicative of an array that is essentially

incoherent. It is only at large distances from the source that the angular separation

between elements is small enough for the MCF to be significant.
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d 8

Figure 6-1. Geometry for array noise calculations.

Using the models we developed, we have also begun examining the effects of the

array and feed network on radiometric measurements. We have made calculations on

the effects of mutual coupling in the array, feed network mismatches, and feed coupling

(or cross coupling within the feed network). An interesting result that is obvious from

the network model is that mutual coupling has no effect on the noise temperature

measurement unless there are mismatches or coupling in the feed network. For simplicity

we used two element arrays to study these effects.

Our network model is completely generalized so that any array and feed network

that can be characterized by its scattering parameters can be analyzed. However, the

range of values that can be assigned to the scattering parameters makes it difficult to

quantify the network effects since the scattering parameter effects are inter-related. We

have attempted to best/worse case effects when possible.

We have studied mutual coupling effects with feed network mismatches only and

with feed network mismatches and feed coupling. The mutual coupling phase was varied

over 360" in order to observe the effects of phase on the measurement. Figure 6-5 shows

the results for a feed network mismatch of -10 dB as the mutual coupling coefficient was

varied from -50 dB to -10 dB. The two curves show the minimum and maximum array

noise temperature. As the mutual coupling becomes greater (<-25 dB) the uncertainty

in the measurement due to phase becomes greater. This effect is increased as the feed
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mismatch becomesworse.

Figure 6-6 showsthe array noise temperature versus mutual coupling with effects of

feed coupling and feed mismatches included. For this case a feed coupling of -20 dB and

feed mismatches of -10 and -20 dB were used. The effect is similar to that of only feed

mismatches but the uncertainty due to the mutual coupling phase is greater.

While the formal project time period for the array feed studies ended August 15,

work will continue on fully developing and, hopefully, verifying the models for

radiometric arrays. Future efforts will concentrate on more fully exploring the network

effects on array noise measurements and quantifying these and other sources of

measurement uncertainty.

76



C_
C

©
©
ED._

6O

c"
©

E
©

LJ

>

©
<

©

d..)
O_

E
@

I---

©
OO

0
Z

0 E] <I

Y
0

N 0

-1- 0

o E Ed_:
0 oq c,,J,-- 0

II II II II II

0

C"q

L(b

0

v

c-
°__

t]
0
CL
go

c-
q_

E
©

I

c-

6

0

X

"U

°_,,q

1-,-
t-,-

r_

0 0 0 0 0
0 0 0 0 0
0 <0 O4 O0 "_-

b'3 r,O C,q oq

u'3

o d
0
0
o4

(>t) ajn_oJadbua± aslo N XoJJV



(b
C)

O
bO

E ®c)
O _-
L_ -5

_-- O

_)bO

C) ©
c-- 5
© c)

Cf) °-

rib

I
O9

_-<_

O ®
L_

QE
cz_

E"'
q) O4

F--

(D
O9

O
Z

O D

(21) aJnloJadwal aS]ON XoJJV

O

r_ m

¢I "

o

• "_ _

_ ""

_ m
0

Q) ,'_

0

_ m

k _



©
(J

0
(j')

o
0 _-

_- O

© ©
c-- 3
O o

• -- (_)

d3
I

(L) _-

--_ (-
O ®

_E
o_2
E"'

(L)

0
Z

d

II II

0 []

I I

O
O

<

0

O
N O

TEO
OoO_
O,_ _--O

II II II
11

I , I I 1 I I

0 0 0 0
0 0 0 0
0 u") 0 u")
,_- bO r,,') Oq

0

Ob

O0

E
V

©
tO (-P

-]

0
09

_n E
0

¢)

c-

O

o_

b'-) n

cq

0
0
0
0
oq

¢) 0
0

}4
¢;

0

m b.-

_., •

r_

O

k

(>t) aJn_oJadwa/asloN XoJJV



qP
L_

C3
L

(D

E
©

m-
©
o3

O
Z

©
L_.
L_

<

C
0

O9

{D
(b

N..--
Ill

C_
(-

O_

O
O

C3

-5

(

(2t) aJn_0Jadwal asl0 N XoJJ v

0

I

uO

i

0
oq
i

rN
-0

C_
c-

°_

0 £L

I o
LP

(D

-5

0

I

uO

I

0
uO

ol
0
0
oq

_P

_q

i

X

.=.

o

""q

_,) °,-q

0 =--



q.)
L

0

(D
EL

E
(].)

F--
(].)
0o

0

Z

©

<(

c-
O

o3

(O
©

Ld

(-
o__

O_

0
(_)

©

()t) aJnq.o.Jadwal aS,ON ,4DJJr

0

Lr)

0
o4

o4

t.O

0

0
0
0

c-o_
c_

0
(D

o

i

0

o ,,,,q

0

0

i

m _

_ '

,d



Chapter 7

PUBLICATIONS

7.1. Recent Publications

7.1.1. Conferences

(1) P.C. Werntz, K. Takamizawa, W.L. Stutzman and P. Foldes, "Wide Scanning Tri-

Reflector System with an Elliptic Subreflector and Moving Tertiary Reflector,"

URSI Radio Science Meeting (Boulder, CO), January 1992.

(2) R.M. Barts, W.A. Davis and W.L. Stutzman, "A Multiport Noise Model with

Applications to Remote Sensing Arrays," URSI Radio Science Meeting (Boulder,

CO), January 1992.

(4) P.C. Werntz, M.C. Bailey, K. Takamizawa and W.L. Stutzman, "Array-Fed

Reflector Antenna Systems for Wide Scan," AP-S Symposium, July 1992.

(5) K. Takamizawa, P. Werntz, and W.L. Stutzman, "Optimization of Multiple

Reflector Antenna Configuration for Wide Angle Scan," AP-S Symposium, July

1992.

(6) J. LaPean and W.L. Stutzman, "Beam Scanning in the Cassegrain Antenna System

by the use of Subreflector Movement," AP-S Symposium, July 1992.

7.1.2. Papers

(1) W.T. Smith and W.L. Stutzman, "A Pattern Synthesis Technique for Array Feeds

to Improve Radiation Performance of Large Distorted Reflector Antennas," IEEE

Trans. on Ant. and Prop_,., Vol. 40, pp. 57-62, January 1992.

7.1.3. Theses, dissertations, reports

7.2. Planned Publications

7.2.1. Conferences

(1) B. Shen and W.L. Stutzman, "Beam Efficiency Evaluation of Large Reflector

Radiometer Antennas," URSI Meeting, Jan. 1993.

(2) B. Shen and W.L. Stutzman, "Methods to Improve the Aperture Efficiency and

Simplify the Mechanical Motion of Spherical Main Reflector Scanning Antennas,"

URSI Meeting, Jan. 1993.

7.2.2. Papers

(1) B. Shen and W.L. Stutzman, "Design of Scanning Tri-Reflector Antennas with High

Aperture Efficiency," submitted, July 1992.

(2) J.W. LaPean and W.L. Stutzman, "Wide Scanning Dual Reflector Antennas Using a

Moving Subreflector," to be submitted.

(3) K. Takamizawa and W.L. Stutzman, "Optimization of Multiple Reflector Antenna

82



PerformanceUnder Parameter Constraints," IEEE Trans. on Ant. and Prop., to be
submitted.

(4) R.M. Barts and W.L. Stutzman, "Noise Modeling of Array Antennas with

Applications to Microwave RemoteSensing,"IEEE AP-S Trans., to be submitted.

(5) P. Werntz and W.L. Stutzman, "Wide ScanningTri-Reflector Antenna System

Using Moving Tertiary Reflector," IEEE Trans. on Ant. and Prop., to be submitted.

(6) B. Shenand W.L. Stutzman, "Designof a ScanningSphericalTri-Reflector Antenna

with a Mirror," to be submitted.

7.2.3. Theses, dissertations, reports

(1) J.W. LaPean, "Beam Scanning in the Cassegrain Antenna System Using a Moving

Subreflector," Master's Thesis, Virginia Tech, October 1992.

(2) K. Takamizawa, "Optimization of Multiple Reflector Antenna Performance Under

Parameter Constraints," Ph.D. dissertation, Virginia Tech, December 1992.

P.C. Werntz, "Novel High Gain Wide Scan Tri-Reflector Antennas," Ph.D.

dissertation, October 1992.

B. Shen, "Design of High Efficiency Spherical Reflector Antennas with Multiple

Subreflector for Wide Scan," Ph.D. dissertation, August 1993.

R.M. Barts, "Applications of Array Antennas to Microwave Remote Sensing," Ph.D.

dissertation, August 1993.

(3)

(4)

(5)

Distribution

1. NASA Langley

M.C. Bailey

T.G. Campbell

L.C. Schroeder

2. NASA (3 copies)

NASA Center for Aerospace Information

P.O. Box 8757

Baltimore/Washington International Airport, MD

3. Peter Foldes, Inc.

4. VPI & SU Sponsored Programs (cover sheet)

21240

83




